This paper documents a robust empirical regularity: in the long-run, higher trade openness is associated to a lower structural rate of unemployment. We establish this fact using: (i) panel data from 20 OECD countries, (ii) cross-sectional data on a larger set of countries. The time structure of the panel data allows us to control for unobserved heterogeneity, whereas crosssectional data make it possible to instrument openness by its geographical component. In both setups, we purge the data from business cycle effects, include a host of institutional and geographical variables, and control for within-country trade. Our main finding is robust to various definitions of unemployment rates and openness measures. Our preferred specification suggests that a 10 percent increase in total trade openness reduces aggregate unemployment by about three quarters of one percentage point. of unemployment. Moreover, "good data "on labor market regulation is available only for a few countries. Second, the incentive for politicians to erect trade barriers as a response to unemployment shocks, may introduce a negative spurious correlation between unemployment and openness. If the timing of trade liberalization and labor market reform coincide, domestic demand shocks will concurrently reduce unemployment and increase imports.
Introduction
Does exposure to international trade create or destroy jobs? In the short run, trade liberalization increases job turnover as workers are reallocated from shrinking to expanding sectors. 1 Empirical evidence suggests that those adjustments temporarily raise frictional unemployment at the aggregate level, as documented by Trefler (2004) for the case of NAFTA. On the other hand, the long run effect of trade liberalization on the equilibrium rate of unemployment is less clear. 2 A burgeoning literature introduces labor market imperfections into workhorse models of international trade. Most papers conclude that trade openness matters for the equilibrium rate of unemployment; however, the sign of the relationship differs across papers. Blanchard (2006) talks about an "overabundance of theories" of wage setting and unemployment. Interacted with different explanations for international trade (comparative advantage versus product differentiation models), the number of possible theoretical frameworks is large. Brecher (1974) and Davis (1998) incorporate minimum wages into Heckscher-Ohlin models and find that trade liberalization can exacerbate unemployment. Matusz (1988, 1999) introduce frictional unemployment in models of comparative advantage and find that the sign of the relationship depends on a comparison of capital-labor endowments across countries. Egger and Kreickemeier (2009) introduce fair wages into a model with increasing returns to scale and find that trade liberalization can increase unemployment. Felbermayr, Prat, and Schmerer (2009) introduce search frictions into a similar trade model and find that unemployment is likely to be decreasing in the degree of openness. Helpman and Itshoki (2008) also use the search-matching approach, but combine comparative advantage motives and increasing returns to scale. They find that globalization can increase unemployment. 3 The state of the theoretical literature therefore suggests turning towards an empirical assessment. As stated by Davidson and Matusz (2004) , whether trade affects the level of equilibrium unemployment is "primarily an empirical issue ". Yet, "there is very little empirical work on the aggregate employment effects of trade policies ". This paper attempts to shed some light on this question. Rather than testing a specific theoretical model, it presents some robust facts about the relationship between the rate of unemployment and openness in cross-sections of countries. There are two important challenges on the way. First, published data on unemployment rates are notoriously unreliable, with measurement bias systematically related to determinants 1 See Bernard, Redding and Schott (2007) for recent evidence. 2 Paul Krugman (1993) famously argues that "... the level of employment is a macroeconomic issue, depending in the short run on aggregate demand and depending in the long run on the natural rate of unemployment, with microeconomic policies like tariffs having little net effect." However, theoretical considerations, as well as empirical evidence suggest that at least some microeconomic policies-such as product market regulation-do affect the structural rate of unemployment; see Blanchard and Giavazzi (2003) for the theoretical argument and Bassanini and Duval (2006) for a survey of the empirics. 3 The theoretical literature is large and quickly growing; our short summary cannot be but a very incomplete list of papers.
sample of rich OECD countries. Following Blanchard and Wolfers' (2000) seminal paper, the literature is mainly concerned with the explanatory power of labor market institutions and macroeconomic shocks. Nickell et al. (2005) provide a recent example of this approach, whereas Bassanini and Duval (2006) present a comprehensive survey. The terms "international trade", "openness" or "globalization" do not appear in their comprehensive 130 pages study. Hence, it appears to us that the role of international trade in cross-country regressions has not yet been thoroughly addressed. 5 To connect our results with previous research, we closely follow the received methodology since we use similar data, econometric techniques and specifications. To the best of our knowledge, this paper is the first to systematically assess the role of trade openness for unemployment within the context of standard cross-country unemployment regressions for OECD countries. 6 Surprisingly enough, the influence of trade turns out to be much more robust than that of many labor market institutions.
We also incorporate insights from the large empirical literature about the effect of trade openness on per capita income. Frankel and Romer (1999) have proposed an instrumentation strategy based on geography which is, as a matter of fact, applicable only in cross-sections. The consensus is that the positive effect of openness on per capita income is not robust to seemingly unrelated geographical controls, such as the distance to equator. 7 Their paper has triggered a debate on the relative importance of trade, institutions, and the common underlying exogenous driver, geography. Prolonging this line of investigation, a recent paper by Dutt et al. (2009) test specific implications of the Davidson and Matusz (1999) model using cross-country regressions and a geography-based instrument. Although their sample, data sources and methodology are different, their results are qualitatively in line with ours. Interestingly, our own IV estimates, much inspired by the approach of Alcalá and Cicone (2004) , suggest a negative relationship between openness and unemployment that is robust to inclusion of variables such as distance to equator or general institutional controls.
Structure of the paper. In section 2. we provide a brief first glance at the data. We identify two key concerns about data quality and endogeneity bias. This motivates section 3., where we sketch the empirical strategy for our different data sets. Section 4. contains our core results on the trade-unemployment relation. Section 5. presents robustness checks and discusses the role of TFP as the channel through which openness affects unemployment. Finally, section 6. concludes. 5 Scarpetta (1996) uses an index measuring the pervasiveness of trade restrictions to proxy the intensity of competition. One also should add that many papers interact terms-of-trade shocks with labor market variables. However, they do not use the level of openness as an independent covariate. Boulhol (2008) interacts trade openness with labor market institutions, but does not address the endogeneity problem. 6 The report of the European Economic Advisory Group at CESifo (2008) also includes some cross-country regressions of unemployment rates on openness, but does not attempt to sort out correlation from causality. 7 See, for example, Rodriguez and Rodrik, 2000.
A descriptive look at the data
As a first step, this section discusses the data that we use in our empirical exercise: unemployment rates and different measures of openness to international trade. It also provides a first heuristic look at the unemployment-openness relationship. A detailed discussion of the data is contained in the Appendix. In all cases the accuracy of the published rates depends on the quality of the data delivered by the institutions' member states. Data quality is only a minor issue for the 20 rich OECD countries, but appears to be highly problematic for the rest of the world. 8 The correlation between unemployment rates from these different data sets is strikingly low within the group of lowincome, low-openness countries, which suggests that data quality systematically depends on country characteristics. Such non-random measurement error in our dependent variable (the rate of unemployment) will tend to bias the absolute value of the estimated effect of openness upwards.
Data sources and variables
Unfortunately, there is very little that one can do about data quality problems except running as many robustness checks as possible or working with the small panel of OECD countries
for which data quality is satisfactory. 9 Hence, in a first step, we focus on 20 high-quality OECD countries, for which systematic measurement bias in the rate of unemployment is unlikely (but where the analysis may suffer from non-random sample selection). This choice strongly lim-6 its the cross-sectional scope of our analysis and makes it necessary to use panel data and rely on time-variance for estimation. In addition, we perform purely cross-sectional regressions with larger country samples and also experiment with a short panel for this larger sample. To verify the robustness of our results, we use different data sources for the dependent variable (unemployment rate). Finally, we also report regression results where we use skill-specific unemployment rates.
Openness measures
The summary measure of trade openness nearly always used in empirical work is nominal im- As with unemployment rates, the openness measures may be noisy proxies for the actual degree of exposure to international trade. It is less obvious, however, that measurement error should be systematically related to any determinant of the unemployment rate. Random measurement error would bias estimated towards zero, making it harder for us to find significant effects.
Labor market institutions
The OECD has collected data on a wide array of institutional variables that can be expected to affect the equilibrium rate of unemployment. Duval (2006, 2009) 11 In the original Fraser data higher values indicate more freedom and thus less regulation. To avoid confusion when comparing with the OECD or the Botero et al. data we rescale the Fraser variables by the factor −1.
A first glance at the openness-unemployment nexus

Time variance in the OECD sample.
The solid line in Figure 1 Averages are based on the period from 1990-2006, but there may be substantial spans of missing values within that period.
Cross-sectional variance in the large sample
The linear regression line fitted to the scatter plot has a slope of about -0.044 with a t-value of 2.20. 13 Hence, also in the large cross-section of countries, the unconditional regression of openness on the rate of unemployment yields a negative correlation. Because the variance of the openness measure is much larger in the large cross-section than in the narrow OECD sample, the point estimate implies that a one-standard deviation increase of openness is associated to a decrease in the rate of unemployment by about 1 percentage point. 
Implications and challenges
The above figures are suggestive. However, there are several reasons why the correlations in figures 3 and 4 may be spurious. First, while we have used yearly data, there may be business cycle effects: any positive shock on domestic spending is likely to increase domestic as well as import demand, and thus to lower unemployment and increase openness. Second, in periods of reform, countries may simultaneously liberalize their product and labor markets, leading to a simultaneous increase in openness and employment. Third, politicians may react to shocks in the unemployment rate by imposing protectionist measures. More precisely, they may resort to policy measures that discourage imports and encourage exports; since the overt use of tariffs, quotas, or subsidies is strongly restricted by international agreements, governments may use non-tariff measures which are difficult to control for directly. In the case that import-restricting policies dominate, the rise in unemployment would be associated with a reduction in openness.
We deal with the first problem, the business-cycle effect, in the following way: In the OECD sample, we take 5-year averages to smooth out business cycle variation. Moreover, in all regres-sions we include a measure of the output gap, based on HP filtering methods, and provided by Bassanini and Duval (2006) . In the larger cross-section, we take averages over the entire available period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) and also include the output gap.
The second issue relates to an omitted variables bias. In the OECD sample, we can draw on high-quality data provided by Bassanini and Duval (2009) . For the wider sample, we use the variables provided by Botero et al. (2004) . See the Appendix for a detailed description of all our data.
The third and most interesting problem is a classical simultaneity problem. We can only address it by instrumenting the openness measures. In the case of the OECD panel, we can exploit the time-variance of the data and use lagged differences and levels as instruments. In the case of the wider cross-section, we draw on the instrument proposed by Frankel and Romer (1999) and used, i.a., by Alcalá and Ciccone (2004) . This empirical approach in the cross-section has been criticized in the literature; see Fernandez and Rodrik (2000) or Kraay (2010) . The main two issues relate to unresolved omitted variable bias and the validity of the exclusion restriction. We add the variables that have been found in the literature to undo the significance of the growth-openness nexus (e.g., latitude). However, the panel approach is clearly preferable from an econometric point of view.
Empirical strategy
We have to adapt our econometric strategy to the nature of the available data. For the OECD sample, where we can draw on meaningful time-variance, we build on the rich tradition of empirical labor market studies surveyed in Bassanini and Duval (2006) and use panel methods.
For the wider sample, we use the cross-sectional approach which has been widely employed in the growth-openness literature. While time-variance in the larger cross-section is somewhat problematic, we still check our results by running panel regressions as well.
OECD sample: GMM panel regressions
We extend Nickell et al. (2005) and estimate variants of a dynamic model
where S is the number of lags of the endogenous variables. All variables are five-year averages.
The vectors LMI i,t and PMR i,t collect variables measuring labor market institutions and prod-uct market regulation, respectively. P OP i,t refers to population, GAP i,t is the output gap, 14 ν i is a vector of country-specific effects, ν t denotes time effects, and ε i,t is an error term. We are primarily interested in the estimate of β and expect that the effects of LMI and PMR conform with the evidence surveyed in Bassanini and Duval (2009) . This evidence is mixed: Baker et al. Some papers use the log of u i,t as the dependent variable (Nickell, 1997; Costain and Reiter, 2008) , but there does not seem any consensus as to which specification is preferred. In our baseline specifications, we use u i,t in levels, but provide robustness checks for the logarithmic case.
We address the potential endogeneity of openness and of the lagged dependent variable by instrumenting with the respective lagged values. 15 In the first-differenced general method of moments (diff-GMM) approach by Arellano and Bond (1991) , all variables are differenced and endogenous variables are instrumented by their lags (in differences). The more general approach proposed by Blundell and Bond (1998) adds level equations to the differenced ones. This leads to a system of two different sets of moment conditions (differences and levels). Blundell and Bond use Monte Carlo simulations to show that the sys-GMM approach is more efficient since a larger number of moment conditions is available. All techniques discussed above allow to control for potential endogeneity, even when there is no obvious instrument waiting on the wing. Nevertheless those GMM approaches must be treated cautiously since small degrees of model specification error may induce large effects on results and lagged variables might be weak instruments. There are however, a number of tests that can be used to check whether the conditions of the approach are fulfilled. For both GMM methods, two requirements must hold: i) the instruments must be uncorrelated with the error term and ii) the instruments must be correlated with the instrumented variables. Both types of GMM are valid if we find evidence in favor of first order, but against second order auto correlation in the residuals. 16 14 For the OECD output gap is measured as derivation of actual output from potential output (Basanini and Duval (2006) . For the large cross section we use a proxy constructed as difference between actual GDP and trend GDP. The latter is obtained by HP-filtering the data, where the smoothing parameter is set to 400. 15 Additionally, we treat the wage distortion index (sum of average replacement rate and tax wedge) as endogenous. 16 We have also experimented with the Anderson and Hsiao approach where lagged variables are used as instruments
Large cross-section of countries: 2SLS regressions
To extend the analysis beyond the 20 rich OECD countries, we focus on a pure cross-section of countries. This approach is strongly related to cross-country income regressions (Frankel and Romer, 1999; Alcalá and Ciccone, 2004) , with the most important difference being the change in the dependent variable.
We estimate the following second stage regression
which includes the same type of controls than (1). Given that we have no reliable time-variance available to control for unobserved country-specific fixed effects, we have to add geographical variables to control for the size of the home-market and hence the importance of withincountry trade as compared to international trade. Frankel and Romer (1999) and much of the following literature use the log of population and the log of land area of country i. 17 Regressions also contain a continuous measure of landlockedness as an additional strictly exogenous control. We proxy for the overall quality of institutions by including distance to the equator and continent dummies.
We follow Frankel and Romer (1999) and instrument T i by its (exogenous) geographical component; however, our strategy is somewhat more general. It consists in using bilateral trade data (for the year of 2000) and regress total trade (exports plus imports) between country i and j, normalized by country i s GDP, on geographical determinants of trade in an equation of the type
The vector X contains the log of bilateral distance between i and j, the log of population of i and j as of year 1960, the log of land area of i and j, and a continuous measure of landlockedness.
It also contains interactions of all those terms with an adjacency dummy. All of the elements in X are exogenous while υ ij is an error term.
The standard procedure is to take logs of (3) and estimates the vector ϕ using OLS. Since T ij = 0 for many country pairs, we follow Santos and Tenreyro (2006) omit the information contained in the zero trade observations and need not resort to out-ofsample predictions to construct the instrument. 19
Large sample: Panel regressions
In the setup described in section 3.2., we have averaged yearly available unemployment data for a large set of countries into a cross-section. This seems appropriate to deal with business cycle effects and should also help to reduce (non-systematic) measurement error in both the dependent and the independent variables. It is also possible to generate averages over shorter periods of time (five years), stack data from different periods, and use panel methods. The drawback of this approach is that unemployment data are available only for a very small sample for a long time horizon so that we end up with a strongly unbalanced panel. Nonetheless, applying panel methods still allows us to check the overall robustness of our results in 3.2. to country-specific unobservable effects.
We use the same econometric specification than the one used on OECD data, i.e. equation 
The effect of openness on unemployment
In the following section, we present benchmark results for our different samples, empirical strategies and IV strategies. The overall picture is fairly robust and surprisingly clear-cut: regardless of the precise econometric model used, independent from the exact source of data or the definition of the employed openness measure or the nature of controls, we find that higher openness does not increase unemployment. Quite to the contrary, openness strictly lowers the equilibrium rate of unemployment in most regressions. Noguer and Siscart (2005) show that out-of-sample predictions has important adverse implications for the strength of the instrument. 20 We have also run regressions on yearly data. Results are similar and statistical significance is usually higher. However we prefer to work with averages to better account for business cycle variations. used in these regressions is provided in the Appendix.
Benchmark results
OECD sample: panel regressions
Columns (1) and (2) show standard regressions as carried out by Bassanini and Duval (2009) .
The first treats country-effects as fixed, the second treats them as random, everything else is equal. We let a Hausman test decide which of the two specifications is preferred. In all cases presented in Table 1 the test recommends the random effects (RE) specification over the fixed effects (FE) model.
The regressions reveal a well-known pattern: only a few labor market controls are statistically significant, and often the sign pattern seems to be counter-intuitive. The stringency of firing restrictions as reflected by our employment protection legislation (EPL) index is negatively associated to the rate of unemployment. Hence, firing restrictions seem to discourage job destruction more than job creation even though the effect is not statistically distinguishable from zero. Similarly, we do not find any robust role for the degree of union density. The degree of wage distortion (the sum of the replacement rate and the average tax rate on wages)
is positively related to the equilibrium unemployment rate. Statistically significant at the 1% level, an increase in the wedge by 10 percentage points increases the rate of unemployment by about 1.1 percentage point. Countries with a highly corporatist bargaining culture have an unemployment rate that is by about 2.6 percentage points lower than countries without this tradition. These findings are in line with the literature, 21 and the emerging consensus that the degree of wage distortion is the most important institutional variable in panel regressions. 22 We also add a variable that has received much interest in the last years as a determinant of unemployment, namely the degree of product market regulation (PMR). 23 The effect of PMR on unemployment is positive, but not significant and therefore meaningless. 24 Although we average our data over five-year intervals to mitigate business cycle concerns, the output gap is strongly significant and has the expected negative sign. This shows that taking averages alone is not sufficient to purge out the business cycle. Also note that country-specific effects are important for the overall explanatory power of the model. A model that explains unemployment only by country-effects yields an R 2 statistic of about 63%; adding year dummies improves the share of left-hand-side variance explained to 75%. In the random effects model shown in column (2), the exact variance decomposition shows that the within component is much larger than the between component. explanatory power (within R 2 ) of the regression by about 5 percentage points. Focusing on the RE specification and comparing the models with and without the openness measures, we find that the coefficients on the labor market variables change only very slightly so that omitted variable bias from not incorporating openness seems unimportant. This suggests that labor market regulation does not systematically correlate with the degree of openness. Also the output gap does not seem to covary with openness. The effect of openness on the rate of unemployed is estimated to be 0.076. Hence, a 10 percentage point increase lowers the equilibrium rate of unemployment by about 0.76 percentage points.
Given that column (4) reports our preferred estimate, it is worthwhile to note that it implies a rather moderate contribution of trade liberalization for unemployment. Amongst larger countries, such as the US, Japan, or the EU en bloc, pre-crisis openness was at about 30%, 34% and 29%, on average 13% higher than before world war II. The increase in openness was therefore responsible for a decrease in the average unemployment rate of about 1.2 percentage points. Given the standard deviation of unemployment rates in our sample (about 4 percentage points), this seems a sizable effect. Yet, it is clear that other determinants of unemployment rates (such as institutions) play a more important role.
The remaining models presented in Table 1 are Again, the effect of openness is precisely estimated and negative. The short-run effect together with the autoregressive coefficient implies that a ten percentage point increase in openness lowers the equilibrium rate of unemployment by roughly 1.1 percentage points in the shortrun, and by about 1.6 percentage points 26 in the long-run. 27 So far we have not dealt with the potential endogeneity of openness. Models (6) and (7) use lagged realizations or lagged differences of openness as instruments. In the first case, GMM estimation is applied to a differenced version of equation (1). In the second case, moment conditions from an additional level equation are used to increase efficiency. In both cases, we find that openness reduces unemployment. In the diff-GMM model (6), the short-and the long-run effects coincide. A ten percentage points increase of openness suggests a reduction in average unemployment rate by about 2.3 points, which seems implausibly large. In the more general sys-GMM model (7), the short-run effect is smaller: a 10 percentage points increase in openness decreases unemployment by about 0.5 percentage points. The long run effect, however, is again comparable: a 10 percent openness increase leads to lower unemployment by 1.9
25 Their approach includes country effects into the regressions. points, 28 which is comparable to the FGLS results. GMM methods are vulnerable to misspecification problems and applicable only under certain conditions. For both models, the OID tests for overidentification yield high p-values so that validity of the instruments cannot be rejected. 29 Furthermore, the AR(1) and AR(2) statistics suggest that the model is not misspecified.
Comparing (long-run) estimates across different columns of Table 1 , we find that the point estimates of the openness coefficient are typically larger under the IV strategy. This is consistent with several explanations. First, the non-IV estimates may be biased down (in absolute value) due to endogeneity bias. This would happen if governments respond to adverse unemployment shocks by promoting exports since then total openness, which reflects imports as well, would also go up. Second, the fact that non-IV estimates are biased towards zero may arise when our openness indicator is a noisy proxy of the true relevant degree of openness. Since instrumentation also remedies measurement error, this may explain the observed sign of the bias. 28 0.052/(1 − 0.725). 29 Note that the tests remain stochastic (p-values < 1) and consequently meaningful. 
Large sample: cross sections
Next, in Table 2 , we study the effect of real openness in a cross-section of 62 countries. Unemployment rates are taken from the World Development Indicators data base provided by the World Bank. We average all variables over the window 1990-2006, so that business cycle effects are unlikely to contaminate the results. We nevertheless control for the output gap. We deal with endogeneity as described in section 3.2. by using an improved Frankel and Romer (1999)type instrumentation strategy.
Column (1) is the most parsimonious model. It uses no additional controls (except the output gap whose inclusion is inconsequential). The OLS regression produces a coefficient of 0.047, estimated with high precision, and implying that a 10 percentage points increase in openness lowers unemployment by about half a percentage point. When openness is instrumented, the point estimate is close to zero and statistical significance is lost. Hence, it appears that, in this very parsimonious model, OLS strongly overestimates the absolute size of the openness effect.
Column (3) and (4) are virtually identical to Table IV in Alcalá and Ciccone (2004) or to Table   3 in Frankel and Romer (1999) , with the key differences being the different dependent variable and a slightly more general construction of the instrument. These papers stress the importance of including variables that control for the size of the domestic market (logarithm of population, the logarithm of land area, and a continuous measure of landlockedness). This is crucial since a country's degree of openness is negatively correlated to its own economic size. As suggested by theoretical arguments based on economic geography models, omitting the domestic market size control biases the openness coefficient away from zero if domestic market size is positively correlated to the unemployment rate, and biases it towards zero if it is negatively correlated. 30
The regressions also include a rough proxy for institutional quality-the logarithm of distance to the equator (latitude). The IV estimate is now significant at the 1 percent level. It follows that the failure to produce a significant IV coefficient in column (2) is not due to endogeneity bias, but rather to omitted variable bias.
Models (5) Summarizing, we find that across most multivariate cross-sectional regressions, the effect of a 10 percentage points increase in openness lowers unemployment by about 1 percentage point (columns (8) and (10)). As with the high-quality OECD data, and presumably for the same reasons, there is no robust evidence that OLS overestimates the size of the true effect. In particular, in the more complete specification, it is hard to see any difference between IV and OLS results. Table 3 runs panel regression of five-year averages on a larger set of countries. We employ the same econometric specifications and use similar controls as in section 4.1.1.. In particular, we control for the output gap in all specifications. This is important as taking five-year averages does not seem to entirely purge business cycle effects. We control for market size changes by including the logarithm of population. The institutional labor market controls are from the Fraser Institute and measure overall hiring and firing restrictions and the replacement rate. 31 We also use a measure of product market regulation from the same data source. We do not have above.
Large sample: panel regressions
The dynamic models (3) to (5) are problematic because the panel is strongly unbalanced and the number of observations over time is very small for some countries. Interestingly, in all dynamic models, the evidence for persistence in (five-year-averaged) unemployment rates is fairly low and much smaller than in the case of the OECD sample where country coverage is more homogeneous and the panel is longer. The FGLS model signals a short-run openness coefficient close to the one obtained under FE in column (1); the long-run effect is almost identical. Diff-GMM produces similar results. The Sys-GMM model is more efficient, and can make use of more observations. The OID test and the other test statistics are fine, so that we take the Sys-GMM results as the most credible. Here, an increase in openness by 10 percentage points reduces equilibrium unemployment by about 0.55 percentage points in the short-run and by 0.8 points in the long run. Notice the quantitative similarity of these coefficients with those obtained for the smaller OECD sample discussed in section 4.1.1..
Robustness checks and additional results
In this section we investigate whether openness affects different skill-classes differently. We also discuss the sensitivity of our main results with respect to alternative openness measures, unemployment data and additional controls. Finally, we show that the effect of openness on unemployment is likely to work through TFP. 32
Openness and skill-specific unemployment. It is natural to investigate the effects of openness on a more disaggregated level by substituting aggregate with skill-specific unemployment.
This allows us to assess whether all skill groups equally benefit from globalization, or whether the beneficial overall effect obscures potential job losses for certain groups of workers. We use data from the World Bank's WDI data set which allows to calculate skill-specific unemployment rates. Unfortunately the data coverage is poor, and observations exist at best from 1994 onwards. Hence, we average the data over time and focus on the cross section. Table 4 reports the results for the key coefficients (full results are in the Appendix). The first four columns refer to standard regressions; columns (5) to (8) include interaction terms with endowment shares.
Over all skill classes, openness has a negative effect on the unemployment rate. However, the effect is statistically significant only for high-skilled workers. This pattern suggests that the result found for aggregate unemployment is robust over skill-classes, but the high-skilled labor market segment plays by far the most important role in the aggregate trade-unemployment relationship. Each row represents one regression. Openness coefficients, endowment share coefficients, and interaction coefficients reported only. Robust standard errors in parentheses, * significant at 10 %, ** significant at 5 %, *** significant at 1 %. We use skill-specific unemployment rates as dependent variable. Data for skill-specific unemployment is available for the period 1994 -2003 (WDI). We average the data over the whole period to construct a cross section. In row 1 -4 we regress openness on high and low skill unemployment, in row 5 -8 we additionally include the interaction between openness and the low to high skill endowment share. We use Barro & Lee data to construct the endowment shares. but use export and import openness rather than the canonical measure (essentially the average 33 The result implies that there is some threshold value of the endowment share for which the negative effect of openness turns positive. The endowment ratio ranges from 0.18 to 10.47 with an average of 3.16. Computing the threshold for which the marginal effect of openness turns from negative to positive yields 4.00, which is between the minimum and the maximum. For countries with low to high skill endowment ratio greater than 4 openness is positively associated with high-skill unemployment. of these measures). In all specifications reported in lines i and ii, we find negative coefficients, except for the system GMM estimator, these are also statically different from zero.
In the main body of this paper, we use the real openness measure of Alcalá and Ciccone (2004) . This is our preferred indicator, because the effect of openness may affect the tradeable sector differently than the non-tradeable sector. Nonetheless, the growth-openness literature uses an uncorrected measure that we call current price openness. 34 Lines iii, iv, and v of Table   5 report results for current price openness. We also try the constant price openness measure reported in the Penn World Tables (line vi) and an indicator that draws only on merchandise trade (i.e, excluding services; line vii). Across all these specifications, we do not find a single positive coefficient. Coefficient estimates are often algebraically bigger than in our benchmark results, so that the choice of the openness measure does have an influence on the quantitative interpretation of results. Some of the coefficients from the large panel are insignificant statistically, but for reasons detailed above we do not want to over emphasize these findings. Hence, we confirm our general conclusion that openness certainly does not increase unemployment in the long-run.
Log unemployment.
There is no apparent consensus in the labor market literature as to whether unemployment regressions have to be run with the dependent variable in logs or in levels. Almost all equations discussed in Bassanini and Duval (2009) are in levels whereas the recent paper by Costain and Reiter (2008) uses logs. In the present setup, results are largely independent of this choice, as can be seen from line viii of Table 5 , where we keep estimation strategies and samples identical to those used in the upper part but use the log of unemployment as the dependent variable. While significance of the openness coefficient may be lost in some cases, there is no evidence-not in a single regression-that openness increases unemployment in the long run.
Alternative unemployment measures and data sources. Our benchmark regressions use total unemployment rates provided by the OECD, and in the larger samples, data reported by the World Bank in their World Indicator Data base. There are substantial concerns about data quality, in particular in samples that include developing countries. Moreover, even OECD countries have very different approaches to dealing with employment issues for workers at the start or the end of their professional careers. We deal with this problem by running our regressions using alternative unemployment measures.
For the OECD we substitute the total unemployment rate by prime age and youth unemployment but use the Alcalá and Ciccone real openness measure. The first two columns in line 34 See section 2.1.2. for a more detailed discussion of different openness measures. 1 ix of 5 show sys-GMM estimates. For prime age unemployment, openness has a stronger effect than for youth unemployment and is not statistically significant in the latter case. This is not overly surprising because youth unemployment is probably much more strongly related to institutional features of labor markets rather than to the extent of trade openness.
The remaining columns in line ix of Table 5 report results for the larger cross-section and then for the larger panel, but use unemployment data from alternative data sources. Most importantly, data from the CIA leads to a much stronger effect of openness on the structural rate of unemployment. This is a robust finding, for which we present more evidence in the supplement paper. The other data sources also yield negative coefficients that are of similar size to those obtained with our preferred data base, the WDI.
TFP and trade openness. Next, we present evidence consistent with the view that the effect of openness on unemployment works via TFP. Our results are tentative, because the construction of a TFP measure from observable data requires critical assumptions so that the measure is very imperfect. 35 Also, TFP is likely not exogenous. For these reasons, we do not want to overemphasize our results but rather view them as a first piece of evidence.
Column (1) in Table 6 shows that countries with higher TFP have lower unemployment rates.
Note that the relationship cannot be driven by business cycle variation since we work with av- These findings are not necessarily contradictory with the concurrent increases in productivity and unemployment observed in Europe over the post-war period because the structure of the regressions is such that TFP levels are not relevant per se. 36 Identification relies on time variation and demeaned cross-country variance so that lower unemployment will arise for two reasons. First, countries that had higher TFP growth should exhibit lower unemployment, as 35 We construct our measure of TFP by following the procedure in Benhabib and Spiegel (2005) . We apply the perpetual inventory method to back out estimates for capital and then compute TFP as the Solow residual. We use the original estimates published in Benhabib and Spiegel (2005) for the large cross-section. 36 We thank an anonymous referee for raising this point. extensively documented by Pissarides and Vallanti (2004) . Second, countries with higher TFP than the cross country average are also likely to have smaller unemployment rates, as implied by the theoretical model in Felbermayr, Prat and Schmerer (2008) .
OECD panel OECD panel
Column (2) These results suggest that that the impact of openness mostly goes through TFP. This is an intriguing implication because it echoes recent theoretical research on the interactions between trade, firm selection and unemployment. In search-theoretic explanations of equilibrium unemployment, firms with higher productivity find it more attractive to post vacancies;
see Epifania and Gancia (2005) or Felbermayr, Prat and Schmerer (2008). In the latter work, more openness forces inefficient firms to quit and allows more productive ones to expand. The average firm's productivity increases, its revenue per match relative to the costs of vacancy creation goes up, and so do its incentives to create jobs. Hence, increased openness leads to lower equilibrium unemployment in the long-run through higher productivity. Establishing the existence of causal links from trade to TFP and then from TFP to unemployment would obviously require more detailed data on industry structure with potentially exogenous episodes of trade liberalization. Our findings can nonetheless be interpreted as encouraging piece of evidence for further research in that direction.
Conclusion
This paper establishes an empirical regularity: trade openness does not increase structural unemployment in the long run. Quite to the contrary, in most of our regressions, we find over- Finally, it is worth noting that the present paper has a focus on long-run effects. We pay special attention to netting out business cycle disturbances. In this sense, our work is complementary to a growing number of empirical papers on the short-run implications of trade liberalization for labor markets. 
A1. Unemployment rates
Openness measures
Total trade openness is defined as imports plus exports divided by two times GDP in current prices. Real openness measures are constructed as respective current price openness measure times price level (taken from the Penn World Table 6 .2) in order to account for the Balassa Samuelson effect by using real purchasing power GDP as denominator. Merchandise openness excludes services. The variable is taken from the WDI data base. Constant price total trade openness comes from the Penn World Table 6 .2. Output gap Output gap measures the difference between actual and potential GDP as percentage of potential output. As source B&D cite the OECD Economic outlook and IMF International finance statistics.
Wage distortion
A3. Large global cross country sample
Unemployment rate We use three different sources for total unemployment: The World Developing Indicators mainly provide official estimates on unemployment and are used as benchmark. Average unemployment rates constructed with less than 10 observations dropped. For additional robustness checks we include unemployment rates taken from the CIA factbook and IFS data base.
For our skill specific unemployment regressions we use data from the World Developing Indicators. We have percentage information on the fraction of total unemployment with primary, secondary, and tertiary skilled labor force. In order to derive specific skill-group unemployment rates, we construct skill specific total unemployment rates, multiply them with a measure on the total labor force in order to drive the number of skill specific unemployed workers, and divide by the number of workers belonging to the respective skill group (available in the WDI data base).
Openness measures See OECD sample data description for further details.
Frankel and Romer instrument (F&R)
Our improved Frankel and Romer instrument bilateral trade data was used to regress total trade (exports plus imports) between country i and j, normalized by country i s GDP, on geographical determinants of trade. The standard procedure is to take logs and estimate using OLS. Since T ij = 0 for many country pairs, we follow Santos and Tenreyro (2006) and estimate (3) using Poisson pseudo maximum-likelihood.
PredictingT ij and summing over j, we have a measure of the trade shareT i that is by construction orthogonal to unemployment and hence a valid instrument. Latitude Measures the distance between a country's capital and the equator. Data taken from the CIA factbook.
EPL
Area
We control for the size of the economy in terms of its log area.
